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1. INTRODUCTION

A ser ies  of four obli que impact computat ions  (30 ° , 45 0
, 60 ° , and

77.5 ° ) i n v o l v i n g  a copper je t  impact ing  a steel p late were completed in
1975 for the B a l l i s t i c  Research Laboratory . 1 This work was performed
us ing  TR ID OR F 2 and DORF 3 ’~ and a n c i l l a r y  programs CUBIT 3 and ADJUST ’~
under Con t rac t  No. DAADO5—/S-C-0738 .

The ef fo r t fo r 1976 has been di r ected towa rds a g raph ica l  dis p la y
of the da ta  from these computa t ions .  The four obl ique  impacts in the
series are presented in sequential  vo l umes 5 ’6

~
7 w i t h  the results  of the

77 .5 ° obl i qu i ty  impact being reported here.

I I .  DESCRIPTION OF THE PROBLEM

The 77 .5 ° ob l i que impact computat ion involved  a copper jet  wi th  a
0.7086-mm radius impact ing on a 12.7-mm th i ck  steel target . The obh iqu i ty
ang le  is measured between the normal to the target and the axis of the
je t . Since TRIDORF uses a re tangular  grid , the copper jet  was treated
as a bar wi th  a square cross section of 1.256-mm width , thus preserving
the cross-sect ional  area of the j e t .  The impact veloci ty  was 7.55 km/ s.

The T i l lot son 8 form of the equation of state was used for the
computa t ions .

1. W. E.  Joh n~oon , “Th~ee- VAJ?~e.n4~Lona2 Comrwta.t~on4 on P ene ato t-Ta~g c,t
I t e ~ac.~t~on4 , ” ~a~~~4~t~c Re4 ea/tcii Labo/utt oiuj Con~t.iw.c.to.’t Re.po~~tNo.  338, May 1977. (AD $4041058)

2. W. E. Johrt4on, “TRIVORF - A Two-Mate~~a2 Vv’...~~on o~ .the TRI O~L Code
w.L.th S.t ’Leng.th , ” Compwte.~’t Code Covi~o uL-t~uvt.~, CCC -976 , Sep~tenthe~’t 1976.

3. U,. E. Jo hpt4ofl, “Co de Co~~e~ta-t~.on S~tudq, ” A~,’t Fon .c.e L~)ea~o~v~ Labon.a~toktf
Repok.t No. AFUJL-TR -70-144 , Ap’t~ e 1971 .

4. U. E. Joh~u,on, “Veve.~opnen. .t and App! ca_tJ .on o~ Cornpwteiz. Pko~1tctm4 ~tope1’tveLoc.~ttj  Irnpac-t , ” Sy4 tem~ , Science avid So~~wa~’te , 3SR- 74 9 ,
July 1 9 7 1 .

5. ~~. E. J ohn4on and V. KucheA, UTh~ee_ V~n~en~~onol CompwtaJ~on4,
Vo’ume 1: 30° ObtLqae 1mpa~ t” , BaL~~o~ti~ ReAeaxch Laboluz.toky
Con.~&aa.tok Reponl No. 344, July 1977. (AD $4043295)

6. U ,•  E. John.oon and V. Kache~’t, “Thkee-V.~n1en.o.Lona2 Compu ta_t~on4 ,
Vo~wne ii: 45° Obt~que Irnp ac.t ”, 5a eL6tL c Rc4 ea/LcJL Laboka..to’uj
Con-ttac..to~ Repok.t.No. 354 , Nov embe..’t 1977.

7. W. E. John.e~on and V. Ka c~heJL, “T(vtee- VAmen ~~o naL
Vo&irr e lii: 60° ObL.’qu.e Impact” , 5at.U6t~c Re4 ea~~h Labon..a~ton.yCon-t ’uhc.t R~po~t ARBRL-CR-355 , Vecembeit 1977.

8. J. f { . Ti1Lo~~on , “Me~t~t.U~~ Eq1w..t~.on4 o~ S.ta~t~ do n. f1yp eJtveLoc~ ty
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- ‘ V i e t ~ UI  a t i I I ’ e e — d i ? I i e I I S 1 O I I ~1 I  g r i d  is shown in J~~gu r e  I. Each c e ll

~ i L i C l i t  ii l ed  t ) \  t h e  coui’d i I h i t e s  ( I  , .J , K) , w h i c h  nUf l lb er  the ccl Is J f l  th e
X , ‘. , . — d i i t c  I ions , respect  i v e l y  . The o v e r a l l  Si IC of t he  c o m p u t a t i o n a l
gr  RI i~as x 19.884 111111 by y 5 5 . 5 9 6  HUll by z = 8.367 mm. The m a x i m u m
I1II IUI ) e I ot c e l l s  i n  the  x—d i r ect  ion  was I = 36 , in the  y — d i r e c t i o n , .1 = 60 ,
and i n  t h e  :—d i rect ii ’ t i , K = 15. t h e  t o t a l  number  of ccl is in  the g r i d
i~~i s  ~2 , 4OO.  T a b l e  1 p r e s e n t s  t h e  d i m e n s i o n s  of the  cc l  i s , DX , I)Y , and
o:, and t h e  g r i d  c o o r d i n a t  Cs as shown i n  Fi gure 1 . These da t a  arc
Ll I Spi~ivC d in F i gu r e  2.

The xy - p i a n e  was used as a p lane  of symmet ry  t h rough  the  bar in
I L I C  r t o  k eel ’  t he  number  of c o m p u t a t i o n a l  c e l l s  at a m i n i m u m . Since  t h e

w i d t h  of t h e  bar  was four  c e l l s , t he  bar  was two c e l l s  wide  from the
p l a n e  of sy m m e t r y . Fi gure  3 shows the  p e n e t r a t o r — t a r g e t  conf i g u r a t i o n
as i t  i s  l o c a t e d  in the  c o m p u t a t i o n a l  g r i d .

I I I .  GRAP h ICAL RESULTS

The n u m e r i c a l  ou tpu t  of the  compu ta t ions  is presented as dens i ty
and p ressure  f i e l d s .  The d e n s i t y  and pressure are plotted on a two-
dimensional spatial plane having the coordinates corresponding to the
c en t e r s  of c e l l s .  The f i e l d s  are plotted such that a cell—number
coordinate is held constant . For examp le , K may be constant meaning t ha t
the density or pressure is being presented for the cells between two
z-p l an e s  bounding the K-cells. These bounding p lanes will be indicated
i n  each figure. Figures 2 and 3 should be useful for orienting oneself
in  t he  g r i d .

The density scale for the density field plots can be realized from
t he  i n i t i a l  d e n s i t y  of the jet and the target , 8.9 and 7.8 Mg/rn3,
respectivel y . The density scale is the same in all the density field
p lo t  s.

The pressure scale is not the same in all the pressure field plots;
t h e r e f o r e, the  nax i rnum pressure , I’max , is i n d i c a t e d  on each figi.~re .

The f i r s t  set of f i gures , Fi gures  4-18, shows the density and
IrLss u re fields at a constant time of 1.55 us for various K— slabs which
are numbered from the plane of symmetry. The jet appears distinct
ufllv when K = 1 and K = 2 since , initiall y, the jet was two cells in
b% idth f rom the plane of symmetry .

The second set of figures , fi gures 19-32, shows the density and
pressure fiel ds at a constant time of 2.23 us for various K-slabs. Data
for K = 12 could not be recovered from the magnetic output tapes for
p l o t t i n g .

The third set of figures , Figures 33-45, shows the density and
pressure fields at a constant time of 2.65 us for various K-slabs.

8
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D a t a  for  K = S and K = 6 could not be recovered from the magne t ic  output
t.,,)es for  p l o t t i ng . A n o t h e r  v i e w  of t he  corresponding figures in the
t h i r d  set of f i gures  is shown in Fi gures 46—58. Also , three views of
of t h e  d e n s i ty  f ie ld  at 2.6 5 us  for K = I are shown in Fi gure 59.

A comparison of the d e n s i t y  and pressure f i e l ds  at K 1 for various
t imes  is shown in Figures 60—61 .

IV .  SUMMARY

Numerical computations were made in 1975 of oblique impact problems.
A graphical display of the results of the 77~~~5

0 impact of a copper je t  on
a steel target are presented for future analysis. The results for the
30°, 45°, 60°, and 77.5° obl ique impacts are presented in sequential
vo lumes .

9 
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Table 1. Grid coordina tes and Cell Dimensions

I x (nun ) DX (mm) J y (nun ) DY (mm ) K z (mm) DZ (mm)

i 2.1’2 2.172 1 6.379 6.379 1 0.314 0.314
2 3. 6 71 1.500 2 9.874 3.495 2 0.628 0.314
3 4.672 1.000 3 ~~~~~ 1.800 3 0.942 0.314
4 3 .372 0.700 4 13 .274 1.600 4 1.256 0.314
5 5.872 0.S00 S 14.674 1.400 5 1.601 0.343
b 6 .372  0.500 6 15.373 1.200 6 1.981 0.380

6.872 0.500 7 • 16.873 1.000 7 2.399 0.418
8 7 .372 0.500 8 17 .b74 0.800 8 2.859 0.460
9 .872 0.500 9 18 .174 0.600 9 3.365 0.506
10 8.372 0.S00 10 18.774 0.500 ) 3.921 0.556
11 8.872 0.500 11 19.174 0.400 11 4.540 0.619
12 9.372 0.500 12 19.488 0.314 12 5.213 0.673
13 9.372 0.500 13 19.802 0.314 13 5.953 0.740
14 10.372 0.500 14 20.116 0.314 14 6.767 0.814
15 10.872 0.500 15 20.430 0.314 iS 8.367 1.600
lb 11.3 72 0.500 16 20.744 0.314
17 11.686 0.314 17 21.058 0.314
18 12.000 0.314 18 21.372 0.314
19 12.314 0.314 19 21.686 0.314
20 12.628 0.314 20 22.000 0.314
21 12.942 0.314 21 22.314 0.314
22 13.256 0.314 22 22.628 0.314
23 13.570 0.314 23 22 .942 0.314
24 13 .884 0.514 24 23.256 0.314
25 14.383 0.500 23 23.570 0.314
26 14.384 0.500 26 23.884 0.314
27 15.384 0.500 27 24 ,193 0.314
23 15.884 0.500 28 24.512 0.314
29 16.384 0.500 29 24,857 0.345
30 io.884 0.500 30 25,237 0.380
31 17 .384 0.500 31 23 .655 0.418
32 17 .884 0.500 32 26,115 0.460
35 18.384 0.500 33 26 .621 0.506
33 18.884 0.500 34 27.177 0.556
35 19.383 0.500 35 2’.796 0.619
36 19.384 0.500 36 28.596 0.800

37 29 .396 0.800
38 30 .196 0.800
39 30.996 0.300
30 31 .796 0.800
31 3 .596 0.800
32 33 .396 0.800
43 34.196 0.800
44 54.9% 0.800
45 55 .796 0.800
46 36 .596 0.800
47 37 .396 0.300
38 38 .196 0.300
49 38 .996 0.800
50 39 .796 0.800
51 40.596 0.800
SI 41 .396 0.800
53 42 .196 0.300
54 32 .996 0.800
55 43.796 0.800
36 44.59~ 0.800
5 ~S.396 0.300
58 46 .196 0.S00
59 39 .396 3.200
60 52 .39o 3.200

10 
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Figure 51. Density and Pressure Fields
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Figure 52. Density and Pressure Fields

62 

--



r - __ __ __ __ __ __ __ ___ __ _ _

DENSITY

¼ - ‘ STEEL -rARGET

tç—j // \f \ / \ ~ \ ~~~ ~\\j\\~ ~~ ~‘\ / —4-
—

K = IC
Z 3 .365— 3.92 ! mm

= 105 kbar- +
t = 2.65 us ~RESSURE

¼ “ ,_

K 
~\/ -

Figure 53. Density and Pressure Fields
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Figure 57. Density and Pressure Fields
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Figure 58. Density and Pressure Fields
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